A new attractor type equation is presented specifying N=1 supersymmetric flux vacua of type IIB string theory on a CY orientifold. This equation consists of two terms. The first term is proportional to the gravitino mass (the central charge). It is similar to the attractor equation for moduli fixed near the supersymmetric black hole horizon. The second term does not have a counterpart in the theory of black hole attractors. It is proportional to a mass matrix mixing axino-dilatino with complex structure modulino's. In the case of supersymmetric black holes with vanishing area of the horizon some of the moduli typically remain unfixed; they blow up near the horizon. In flux vacua, however, the new term allows to fix the moduli even when the gravitino mass and the superpotential vanish.
Here we will consider a more general case when M 0I = 0 and will identify the generalized attractor equations, defining the fixed moduli in N=1 flux vacua of type IIB string theory compactified on a CY orientifold. Note that the methods employed in [3] in studies of black hole attractors were based on equivalence (up to a complex constant) of specific holomorphic forms in Calabi-Yau space. In [4] the methods were based on special geometry of N=2 supergravity. Both methods gave the same results for the attractor equations.
The new feature of supersymmetric flux vacua as compared to black hole attractors, is the fact that for DW = 0 one can fix the moduli even for W = 0, see e. g. [7] . This is different from the black hole case, when for Z = e K 2 W = 0 one typically finds a null singularity in the geometry and some of the moduli blow up.
The essential ingredient in deriving new flux vacua attractor equation which we will use in this paper is a Hodge-decomposition of the space of allowed 4-form fluxes proposed in [8] . 1 The complete decomposition will give an additional term in the attractor equation which is absent for BPS black holes.
The (complex) mass of effective gravitino and the (complex) mass matrix element of chiral fermions in an arbitrary point of the moduli space (t,t) in compactified string theory are given by
Here we remind that in effective N=1 supergravity the gravitino mass is defined via the superpotential and the Kähler potential as in (1), whereas the chiral fermion mass matrix is M AB = D A D B (e K 2 W ). In string theory compactified on CY with fluxes in addition to dependence on moduli the fermion masses also depend on fluxes, which we denote by p, q. At the supersymmetric attractor point, where
moduli are fixed by fluxes. They become certain function of fluxes, t f ix (p, q),t f ix (p, q) and we will find that the fermion masses at the supersymmetric critical point depend only on fluxes:
To study IIB string theory we take X to be an elliptically fibered CY 4-fold T 2 ×Y Z 2 . G 4 = −α ∧ F 3 + β ∧ H 3 is a real flux 4-form representing a doublet of RR and NS forms of type IIB string theory. Ω 4 is a covariantly holomorphic 4-form on X
X Ω 4 ∧Ω 4 = 1 .
Ω 4 (t,t) is related to the holomorphic 4-form Ω (4.0) (t), Ω 4 = e K 2 Ω (4.0) (t) and
X
In our particular case when
and Ω 3 = e K 3 (t i ,t i ) 2 Ω (3,0) (t i ) is a covariantly holomorphic 3-form on a generic CY orientifold with the corresponding holomorphic form Ω (3,0) (t i ) and i = 1, ..., n. Eq. (2.20) in [8] proposes the following decomposition of the real 4-form flux into various possible (m,n) forms on a 4-fold X.
The capital index A,Ā is the index associated with the orthonormal frame e a A such that δ AB = e a A g ab ebB and A = (0, I). We will be interested in supersymmetric vacua here, which are also critical points of the N=1 F-term potential. Keeping the second term in eq. (10) may help us to understand the attractor behaviour of non-supersymmetric black holes, studied in [?] . However, here we will focus on supersymmetric vacua (3): Minkowski with Z = 0 and AdS with Z = 0.
We rewrite eq. (10) in a form in which it is obviously an attractor equation, defining a combination of moduli via some integer charges. First we find that
Here
and
We have also used the fact that D 0 Ω 1 =Ω 1 . Now we may rewrite these equations in a form in which it is easy to recognize them as generalized attractor equations. Following the procedure in [1] we find a complete attractor equation:
Here p f , q f are magnetic and electric charges associated with the RR 3-form flux F 3 and p h , q h are magnetic and electric charges associated with the NS 3-form flux. The special geometry of the CY 3 manifold is codified in the holomorphic symplectic section (X a , G a ) and the corresponding covariantly-holomorphic section (L a , M a ).
All supersymmetric flux vacua for CY 3 orientifold with vanishing or non-vanishing W are expected to satisfy the attractor equations (14). We may rewrite them in a slightly shorter form using f = (p a f , q af ) and h = (p a h , q ah ) and Π = (iL a , iM a )
Even if the first term in the right hand side of eq. (14), (15) vanishes, i. e. if Z f ix = 0, the second term gives a solution of the attractor equations and allows to find a critical value of the axion-dilaton and complex structure moduli as functions of all fluxes p, q.
It may be useful to explain why in the black hole case the second term in the right hand side of the attractor eqs.(14), (15) is absent. Special geometry rules related to CY 3 manifold require that
At the supersymmetric critical point DZ = 0, M IJ = 0. Meanwhile, in flux vacua in type IIB string theory the complex structure modulino mass matrix is not vanishing at the supersymmetric critical point as it is proportional to the dilatino-modulino mixing [8] ,
The point is that in the case of N=1 flux vacua in type IIB string theory the corresponding geometry is only partially related to special geometry of CY 3 . As a result, the second derivative of the central charge has a contribution from the dilatino-modulino mixing which does not vanish at the critical point, in general. D 0I Z cannot be expressed via the first derivative of the central charge since we have the product geometry of the torus with CY and the chiral fermion mass term does not have to vanish at the supersymmetric vacua. Its presence provides the new term in attractor equation as shown in eq. (14).
One can summarise this in the following way. Equation (14), (15) is a general flux attractor equation for type IIB string theory on CY 3 orientifold. One can study its general solutions taking into account both terms in its right hand side. On the other hand, one may try first to find particular solutions for which the dilatino-modulino mixing vanishes at the critical point. In this case the second term in equation (15) disappears, and it acquires the form given in [1] :
In this case one has a full analogy between flux vacua and black hole attractors, as discussed in [1] . In particular, the square of the gravitino mass plays the role in the theory of flux attractors analogous to the entropy in the theory of the black hole attractors.
However, this class of solutions does not describe possible solutions for which the superpotential and the gravitino mass M 3/2 = Z vanish at the critical point. To find such solutions one can leave only the second term in equations (14), (15):
In a general case, one should use eq. (15) with both terms on the right hand side present.
In the black hole case the number of differential equations D a Z = 0 is equal to 2n + 2, where n is the number of special coordinates in special geometry. The number of black hole attractor equations 
is also equal to 2n + 2.
The counting of new attractor equations for a set of flux vacua goes as follows: The original complex equation specifying the vacua is D A Z = 0, which consists of a set of 2n + 2 independent equations. If in addition we would require that the mass matrix term M 0A = 0, as was done in [1] , we would have 2n + 2 additional equations, (M 00 = 0 for this model as shown in [8] ). Together D A W = 0 and M 0A = 0 provide a set of 2(2n + 2) equations, which would correspond to attractor equations in eq. (14) without the second term in the right hand side, as proposed in [1] . This, however, would not include a large class of Minkowski vacua for which Z = 0 and attractor equations are inconsistent without the second term.
If we put no restrictions on the mixing mass term M 0I = 0, the number of equations in the attractor form in (14) is still 2(2n + 2), whereas the number of equations specifying the vacua is only due to D a Z = 0 and gives 2n + 2 conditions. This leaves us with a puzzle which may be resolved as follows. An explicit calculation of all intersection numbers in elliptically fibered CY 4-fold T 2 ×Y Z 2 has been performed in [8] . The model has some number of relations between the derivatives of various order acting on the covariantly holomorphic central charge, see eqs. (2.21)-(2.27) in [8] . With account of these relations, equation for the real integer set of fluxes in G 4 has in the right hand side all possible independent forms available in this model. Therefore we have in our model for IIB compactification on CY 3 orientifold only one new term in the right hand side of the equation for G 4 in addition to the first term, which is a familiar black hole attractor type term.
In other models of M/string theory where the simplifying relations are partially or totally absent we may still have an attractor type equation relating the values of the integer fluxes to some combination of moduli and fluxes. For example, in M-theory we may have an attractor relation of the kind
Here Ω 4 is a covariantly holomorphic 4-form on a 4-fold X such that X Ω 4 ∧Ω 4 = 1. All terms with dots in eq. (21) are orthogonal to Ω 4 and toΩ 4 and the central charge is given by
In particular, for X = K3 × K3 we may have the following 2 possibilities. One can take
as suggested in [1] .
Here Ω 1 2 and Ω 2 2 are the covariantly holomorphic 2-forms on each of K3. This looks similar to a black hole attractor equation corresponding to AdS vacua with V cr = −3|Z cr | 2 . Another possibility, suggested in [9] for type IIB theory compactified on K3× T 2 Z 2 is to take the case with Z cr = 0. In condensed notation with covariantly holomorphic forms on K3, on torus and on auxiliary torus we find
Using our attractor equations we have identified the constant c as an element of the mass matrix of the axino-dilatino φ and the complex structure of the torus, τ .
Here we can see the appearance of the new term in the attractor equation with vanishing critical value of the central charge, e It is interesting that the physics of the attractor mechanism fixing the values of the moduli near the black hole horizon is related to the properties of the black hole entropy: namely, the entropy is a result of counting the states in string theory and therefore depends only on discrete integers, not on continuous parameters. The physics of flux vacua implies that at the critical point the masses of particles like gravitino, M 3/2 and chiral fermions, M AB are functions of integer fluxes. The fermion mass matrix enters in the calculations of the number of flux vacua [8] , therefore flux vacua attractors specifying the moduli as functions of integer fluxes suggest the possibility of the counting of states of string theory as in the case of black hole attractors.
